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Abstract
We present a study of the smallest and faintest galaxies found in a very deep photo-
graphic R band survey of two regions of the Virgo Cluster, totalling 3.2 square degrees,
made with the UK Schmidt Telescope. The objects we detect have the same physical sizes
and surface brightnesses as Local Group dwarf spheroidal galaxies. The luminosity func-
tion of these extremely low luminosity galaxies (down to MR ≃ −11 or about 5×10
−5
L⋆)
is very steep, with a power law slope α = −2.2.
1 Introduction
The properties of the faint end of the luminosity function are poorly constrained outside the
Local Group, both in terms of the numbers and characteristics of the galaxies. Some studies
have found evidence for very steep luminosity functions in both cluster [1][2] and field [3] envi-
ronments. The importance of very low luminosity galaxies in understanding galaxy formation
and evolution [2] demands that progress is made in identifying and studying low luminosity
dwarfs in new environments [4].
This survey extends the study of extremely low luminosity galaxies to the Virgo Cluster (to
MR = −11 mag), into the regime of Local Group dwarf spheroidals. It extends the definitive
study of the Virgo Cluster by Binggeli, Sandage & Tammann [5] by 3 mag beyond their com-
pleteness limits and complements the survey of large, low surface brightness galaxies of Impey,
Bothun & Malin [6]. By coadding multiple photographic exposures with the UK Schmidt Tele-
scope, galaxies are detected having central surface brightnesses as faint as 25 R mag arcsec−2,
equivalent to 26.5 B mag arcsec−2. We report here results from an initial survey [7] cover-
ing 3.2 deg2.
2 The Data and Image Detection
The data used here [7][8] are part of a larger photographic survey [9] of a ten-degree square
region of the Virgo Cluster using the extremely fine grained, highly efficient Tech Pan film on the
1.2m UK Schmidt Telescope [10]. Six individual long (1 to 1.5 hour) exposures of the same area,
the South-East quadrant of the Virgo Cluster, were scanned with the SuperCOSMOS automatic
measuring machine at the Royal Observatory Edinburgh. Two 1.3◦×1.3◦ subregions were used
for the initial survey, one near the cluster centre, one further out. The digitised data from the
six separate films were sky subtracted and were matched in intensity [11] before coaddition
using median stacking. This provided an equivalent exposure time of about 7 hours, while the
coadded data are free of artefacts such as emulsion defects, dust particle images and satellite
trails that affect only one film.
Image detection was performed with a connected-pixel algorithm using a detection threshold
µlim = 25.5 mag arcsec
−2 and a minimum area above the threshold of Alim = 11 pixels. Each
image thus had a minimum S/N ratio of 10 and has a magnitude R ≤ 22. This detection
limit is 0.3 mag arcsec−2 fainter than previous surveys. Around 28 000 images were detected
in both fields and the large minimum area ensured that few were spurious. This was confirmed
by comparison of a small subregion of the photographic field with a CCD image taken on
the Anglo-Australian Telescope: 160 of 162 images visible on the film were matched on the
CCD frame, including all those which contributed to determining the luminosity function in
Section 4. Scale lengths and surface brightnesses have been measured for each image from the
isophotal signals and areas at the detection threshold, assuming exponential light profiles.
3 Identifying Virgo dwarfs
Virgo Cluster dwarf elliptical and dwarf spheroidal galaxies can be characterised by their image
sizes and surface brightnesses: they are larger in general than the majority of background
images at a given central surface brightness. As illustrated in Figure 1, it is possible to use
the position of images in the magnitude – surface brightness plane to identify a sample rich
in Virgo dwarfs. Figure 1a compares the distribution of images in a Virgo field with that of
the background population. The background data are based on AAT CCD observations of a
field around the South Galactic Pole. The background population dominates strongly at scale
lengths α <
∼
1.8 arcsec. In contrast, a majority of galaxies having scale lengths α > 2 arcsec
and central surface brightnesses µ0 > 22.0 mag arcsec
−2 are expected to be Virgo dwarfs.
The properties of the observed galaxies can be compared with those of Local Group objects.
Figure 1b shows the positions that Local Group dSphs [12] would occupy in the magnitude –
surface brightness diagram were they located at the distance of the Virgo Cluster: many of
the local dSphs could be distinguished unambiguously from the background population. For
comparison, the regions occupied by the galaxies in the samples of Binggeli, Sandage & Tam-
mann [5] and of Impey, Bothun & Malin [6] are shown in the figure; neither of these other
studies reaches the small, low surface brightness galaxies found here.
4 The luminosity Function
Information about number densities of genuine Virgo Cluster galaxies of various types can be
derived by subtracting the background contribution from the total number of observed galaxies
at each point in the magnitude – surface brightness plane. This technique has been used to
(a) (b)
Figure 1: (a) The magnitude – central surface brightness plane for galaxies detected in the
Virgo Schmidt survey compared with the SGP CCD field used for background subtraction. For
clarity, galaxies having scale lengths α < 2 arcsec (where the background population domi-
nates) have not been plotted. Loci are shown corresponding to exponential galaxies having
scale lengths α = 1, 2, 10 and 30 arcsec. The selection boundary imposed on the Schmidt data
by the detection methods is shown as the dashed curve. The bold lines show the limits of the
sample used to determine the luminosity function in Section 4. (b) As Figure 1a, but showing
the properties Local Group dSphs would have if seen at the distance of the Virgo Cluster. The
solid lines mark the regions of the plane covered by the Binggeli et al. [5] and Impey et al. [6]
samples. Throughout this paper we adopt a distance modulus of 31.3 mag for the cluster.
determine the luminosity function for a subsample of Virgo dwarfs, defined by α ≥ 3.0 arcsec
and central surface brightnesses 22.0 mag arcsec−2 ≤ µ0 ≤ 24.5 mag arcsec
−2, in each of the
two fields studied. This scale length limit ensures that the background galaxy contamination
is minimal (about 4%), reducing difficulties which might be caused by comparing data having
different point-spread functions. These sample limits are shown in Figure 1a.
The luminosity functions [7] for the two fields are presented in Figure 2. The inner field
is centred close to M87 and samples the population in the core of the cluster. The area
immediately around M87, having a higher effective background light level, has been excluded
from the analysis; the area surveyed is 1.58 deg2. The outer cluster field lies 3.1 deg to the
south-southeast of M87 and is 1.61 deg2 in area. The inner and outer cluster fields have very
similar luminosity functions. Both have steep faint-end slopes: the combined data set has
α = −2.26 ± 0.13 over the magnitude range 15.5 < R < 20.0. The downturn at the last low
luminosity point is a consequence of the sample limits (defined by scale length and surface
brightness, not by magnitude). At the bright end, the luminosity functions are consistent
with that of Binggeli, Sandage & Tammann [13][14] (although a comparison is complicated
by the slightly different samples and filters used in the two surveys). The density of galaxies
is marginally greater in the outer cluster field than in the core (by a factor of 30%), which is
consistent with a depletion of dwarfs in the core, as has been observed in the Coma Cluster [15].
The survey is currently being extended to the full ten-degree square region centred on
the cluster core. Photographic data in an off-cluster field will provide improved background
subtraction, allowing a luminosity function to be constructed which extends further into the
region of Figure 1 occupied by field galaxies than has been possible here.
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Figure 2: The absolute magnitude distribution of the sample of Virgo dwarfs of Section 4 for
the (a) outer and (b) inner fields. Error bars shown are based on Poissonian statistics. The
luminosity function of Sandage, Binggeli & Tammann [13][14] is also shown (open triangles) for
the Virgo Cluster Catalog galaxies which overlap the inner cluster field (assuming B−R = 1.5).
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